Abstract. Cucumber (Cucumis sativus L.) plant introduction (PI) accessions from the regional PI station at Ames, Iowa were evaluated in open-field production for singleharvest yield at Clinton, N.C. and Ames, Iowa. Check cultivars and experimental inbreds were also tested for comparison with the PI accessions (the three groups hereafter collectively referred to as cultigens). In order to make the evaluation more uniform for all cultigens regardless of sex expression and fruit size, all were crossed with Gy 14, a gynoecious pickling cucumber inbred used commonly in the production of commercial hybrids. The resulting 761 gynoecious hybrids were tested for early, total, and marketable yield using recommended cultural practices. Results were obtained for 725 cultigens at both locations. Significant differences were observed among cultigens for all traits evaluated. Differences between the two locations were also significant for total yield, corrected total yield, and percentage of early fruit. The interaction of cultigen and location was significant for standardized total yield and standardized corrected total yield. The highest yielding hybrids at both locations were produced using the following cultigens as male (paternal) parents: PI 422185, PI 390253, PI 175120, PI 173889, PI 267087, PI 175686, PI 178888, PI 385967, PI 458851, and PI 171601. The highest and lowest yielding paternal parents from the germplasm screening study were retested, along with check cultigens in a multiple-harvest trial at Clinton, N.C. Cultigens were evaluated directly, rather than as hybrids with Gy 14, and fruit number, fruit weight, and sex expression were recorded. Most cultigens performed as expected for the yield traits in the retest study. The exceptions were 'Wautoma' and PI 339250, which were among the low and high yielders in the first test, but were ranked as medium and low, respectively, in the retest study.
HORTSCIENCE 35(6): 1141-1150. 2000. Cucumber is thought to have originated in India (Harlan, 1975) , with domestication occurring later throughout Europe. Breeding for yield has been one of the important objectives of many cucumber breeding programs since the 1900s (Wehner, 1989) . Yield of pickling cucumber has been improved by incorporating disease resistance into cultivars (Peterson, 1975) and using improved cultural practices (Cargill et al., 1975) . Increased yield has also resulted from improvement of qualitative traits such as gynoecious sex expression and uniform green fruit color (improved percentage of marketable fruit) (Wehner, 1989) .
However, improvement in yield in recent years has been limited. Additional yield improvement might be achieved by identifying new sources of germplasm for high yield. The cucumber germplasm collection is a good place to find new sources of high yielding cultigens because no previous work has been done on screening the collection for yield. However, measurement of yield in a diverse array of cucumber cultigens can be difficult. Yield is usually measured as fruit number, weight, or value per unit area or per plant. Fruit number was more stable than fruit weight or fruit value for yield measurement in a once-over harvest trial of cucumber (Ells and McSay, 1981) and had a higher heritability (0.17) than fruit weight (0.02) (Smith and Lower, 1978) .
Large-plot, multiple-harvest trials in multiple years, locations, seasons, and replications would be ideal for yield measurement. However, it would be nearly impossible to include >700 cultigens in such trials. Single harvest trials are efficient for yield measurement, but introduce the problem of the optimum time to harvest each plot for maximum yield. Miller and Hughes (1969) reported that harvesting when 14% to 31% of the fruits in a plot were oversized (>51 mm diameter for pickling cucumber and >60 mm diameter for fresh market cucumber) was optimum for maximum value in once-over harvest for 'Piccadilly' and 'Southern Cross' gynoecious hybrids in North Carolina. Chen et al. (1975) , using a computer simulation, reported that plots harvested at 10% oversized fruit stage gave an optimum yield for 'Piccadilly' hybrid under North Carolina conditions. Colwell and O'Sullivan (1981) reported that the optimum harvest stage to maximize yield for 'Femcap' and 'Greenstar' gynoecious hybrids occurred when 5% to 15% of the fruit in a plot were oversized.
Small-plot trials are efficient, but plots should not be too small. Yield of cultivars in single-plant hills was poorly correlated with large, replicated plots harvested several times (Wehner, 1986; Wehner and Miller, 1984) . In addition, greenhouse evaluation of yield, based on fruit number of single plants, was not correlated (r = 0.09-0.15) with yield in field trials (Nerson et al., 1987) . Once-over harvest trials with three replications are optimum for determining which cucumber cultigens should be tested further in multiple-harvest trials (Wehner, 1986; Wehner and Miller, 1984) . A plot size of 1.2 m × 1.5 m was found to be optimum for yield evaluation of pickling cucumber when paraquat (1,1´-dimethyl-4,4´-bipyridinium ion) was used to simulate onceover harvest (Swallow and Wehner, 1986) . In cucumber, small-plot, single-harvest trials were more efficient than large-plot, multiple-harvest trials (Wehner, 1986 (Wehner, , 1989 Wehner and Miller, 1987) . Swallow and Wehner (1989) suggested that maximum information (1/variance) was obtained by allocating test plots of cucumber cultigens over different seasons and years rather than different locations and replications. However, use of locations and replications was less expensive than use of seasons and years. Field evaluation at the Clinton location was more efficient than at three other locations tested in North Carolina (Wehner, 1987a) .
The >700 cultigens in the U.S. Dept. of Agriculture (USDA) cucumber germplasm collection range from androecious to monoecious to gynoecious. Thus, measuring yield of a diverse set of cultigens in a single-harvest trial is difficult, even though that method is the most efficient. Some of the cultigens are highly staminate in flowering habit, so will not produce much fruit. Even so, androecious cultigens might have useful genes for yield. For that reason, we crossed each cultigen with Gy 14 to make gynoecious hybrids. In that way, yield of all cultigens from the germplasm collection could be expressed in a gynoecious background with the potential to set fruit at many nodes. By measuring the combining Table 1 . Fruit yield traits (yield in 1000 fruit/ha) z for the cucumber germplasm collection tested at two locations for combining ability with Gy 14 (cultigens ranked by standardized corrected total fruit number over both locations). PI 422185  91  97  171  167  0  ---------------91  97  171  167  0  98  PI 390253  104 119  147  166  39  22  79  39  139  100  131  132  183  175  19  91  PI 175120  87  145  114  160  55  36  151  36  138  100  138  139  192  182  11  93  PI 173889  88  153  104  157  65  41  171  41  156  100  135  136  168  159  30  95  PI 267087  81  151  86  157  75  44  183  54  202  100  118  119  118  112  50  99  PI 175686  86  149  104  156  68  38  165  38  149  100  133  134  170  162  35  95  PI 178888  96  128  115  152  58  24  103  34  137  100  143  145  169  162  29  99  PI 385967  27  111  38  150  100  27  111  38  150 100 ability of yield, we would be able to identify cultigens that contributed useful, dominant genes for yield to their hybrid. A disadvantage of measuring yield of the germplasm collection as combining ability with a gynoecious tester is that cultigens with recessive genes for yield would not perform as well. Therefore, cultigens that rank high in this evaluation of combining ability for yield would be excellent choices for use in a breeding program for yield, but cultigens that do not rank high might also be excellent choices. Therefore, low performers should be retested for yield using methods other than combining ability.
In the breeding program at North Carolina State Univ., we intend to measure yield of the cucumber germplasm collection using a threestage process. First, testing of all available cultigens using combining ability with a gynoecious tester in small-plot, single-harvest trials. Second, testing of all available cultigens for yield per se in small-plot, single-harvest trials after treating the plants with ethrel (2-chloroethylphosphonic acid) to increase gynoecious sex expression. Third, evaluation of the high-yielding cultigens from the previous two stages using large-plot, multiple-harvest trials in multiple seasons and years. This study deals with the first stage of that process.
The objective of this study was to evaluate all available cucumber cultigens for combining ability for yield at two locations using a gynoecious tester. Identification of the highest yielders was followed by a retest of performance per se to verify performance for use in yield improvement in breeding programs for commercial cultivars. (Hughes et al., 1983; Schultheis, 1990) . Fertilizer was incorporated before planting at a rate of 90N-39P-74K kg·ha -1 , with an additional 34 kg·ha -1 N applied at the vine tip-over stage. Curbit ® [(ethalfluralin Nethyl-N-(2-methyl-2-propenyl)-2,6-dinitro-4-(trifluoromethyl)benzenamine)] was applied for weed control. Irrigation was applied when needed for a total (irrigation plus rainfall) of 25 to 40 mm per week. 'Sumter' pollenizer was planted on the sides of the plots to provide pollen.
Materials and Methods
Plots were disease free through once-over harvest stage (26 June) when oversized fruit averaged 15% across all the plots in the field. Although the usual index for yield evaluation for testing populations in our breeding program is 10%, we used a 15% index in this study to allow late-flowering cultigens to produce fruit.
Cultural practices. In North Carolina, seeds were planted on raised, shaped beds 1.5 m apart. Plots were 1.2 m long × 1.5 m wide with 1.2-m alleys at each end. Guard rows were planted on the outside of the field, and at the end of each row. Plots were planted with 14 seeds on 12 May and thinned to a uniform stand of 10 plants per plot on 29 May.
In Iowa, seeds were planted in beds 1.5 m apart. Plots were 6.0 m long and 1.5 m wide with 1.5-m alleys at each end. Guard rows were planted on the outside of the field, and at the end of each row using 'Sumter' as a pollenizer. The plots were planted with 25 seeds on 12 May and thinned to a uniform stand of 20 plants per plot.
Cultigens evaluated. Afghanistan (14) . The cultigens designated as checks were tested as the cultigens per se (not their F 1 with Gy 14). The 761 cultigens consisted of PI accessions, obsolete cultivars, current cultivars, and experimental inbreds and hybrids. In order to produce gynoecious hybrids, the cultigens were crossed with Gy 14, a popular, publicly-released, gynoecious pickling cucumber inbred. All crosses were made by hand at the Horticultural Science greenhouses, Raleigh, during the previous year. The hybrids could then be evaluated for yield regardless of sex expression of the male parent. In order to represent each cultigen properly, each hybrid was made up from a mixture of seeds obtained by crossing several plants of each accession with Gy 14.
Traits measured. Data were collected as plot means, and consisted of number of plants per plot, and number of early, total, and cull fruit per plot in both locations. Early fruit were the number of oversized fruit at harvest (>51 mm diameter for pickles and >60 mm for slicing cucumber). The number of marketable fruit was calculated as total fruit minus culls. Cull fruits were misshapen (crooked or nubbined). Data for marketable fruits were not recorded in Iowa.
Data analysis. The experiment was a randomized complete-block design with 761 cultigens and three replications at two locations. Data were analyzed using GLM and CORR procedures of SAS (SAS Institute, Cary, N.C.). Yield traits were expressed as thousands of fruit/ha for ease of comparison of yield over locations, and with previously published studies.
The data were analyzed using actual yield and corrected yield for both locations. Plots with a stand count (plant number) of <50% of the expected 20 plants were eliminated from the statistical analysis. Plots with stand counts ranging from 50% to 75% were corrected according to Cramer and Wehner (1998) , using the formula: corrected yield = (total yield/stand count) × 20. The corrected yield and total yield were then standardized to a mean of 100 and a SD of 30 (a SD of 30 would give a range of 0 to 200 if individuals were within three SD of the mean) for each location and replication using the STANDARD procedure of SAS. Standardization permitted comparison of cultigens when some plots were missing from locations or replications. The most useful traits are those where the range/LSD is large. If the range/LSD is small (<1), then the best cultigen cannot be statistically separated from the worst cultigen in the test. plasm screening study ranked as predicted in the retest (Table 4) , despite the fact that the retest was conducted using the cultigens per se and not combining ability with Gy 14. Two exceptions were 'Wautoma' and PI 339250, which were low or high yielding when crossed with Gy 14 in the germplasm screening, but were ranked at the middle and bottom in the retest study, respectively. Thus, yield of a cultigen tested as a gynoecious hybrid (in the germplasm screening), is similar to yield of the cultigen per se with few exceptions Once-over harvest yield might be improved using the highest yielding cultigens crossed to inbreds such as Gy 14. The top yielding cultigens could also be intercrossed to form a population from which to develop high yielding inbreds. A useful future study would be to screen the germplasm collection using ethrel to convert all cultigens to a gynoecious form for yield testing.
